PATIENT COOLING SYSTEM 

Keith Heaton, Chris Coward, Mark Beard, Peter Stacy, David Whyte 

Related Applications 
[0001] This application claims priority to and is a continuation-in-part of co-pending 
United States patent application no. 10/290,938 filed November 8, 2002, which is 
incorporated herein by reference. 

Field of the Invention 
[0002] This invention relates generally to systems for cooling a person for therapeutic 
purposes. More particularly, this invention relates to an enclosure or tent and support system 
for a patient who is to be cooled to a temperature below normal body temperature. 

Background 

[0003] International patent applications published under WO 97/42919 and WO 
00/27323, which are incorporated herein by reference for all purposes, describe systems for 
rapidly cooling a patient to a temperature a few degrees below normal blood temperature, e.g. 
in the range of about 32 to 34 degrees Celsius. This clinical procedure has been used with 
some success in reducing brain damage to cardiac or stroke patients. 

Summary of the Invention 

[0004] The present invention provides an improved patient cooling system, which, 
according to a first feature of the invention, comprises an enclosure or tent having an inlet 
connected to an air cooling system, and an outlet which is connected to re-circulate exhaust 
air back to the inlet of the cooling system in order to minimize energy losses. Preferably, the 
enclosure is arranged so that it can be used on a variety of patient support devices including 
hospital bed frames, mattresses, and support devices mounted in an ambulance fitted with a 
suitable source of cold air. 
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[0005] Preferably, the enclosure is connected to a cooling system that includes an 
inlet for ambient air, a main blower that supplies air to the enclosure via the cooling section 
of a refrigeration system, and a re-circulation duct that connects an outlet from the air tent to 
the inlet side of the main blower. 

[0006] Preferably the air inlet, main blower, and cooling section are all embodied in a 
single housing that is connected to the air tent through a dedicated hose set. Preferably the 
hose set is coaxial, and includes an inner tube for the inlet air to the enclosure surrounded by 
an outer tube for the return air. In this way, the outer air jacket advantageously isolates and 
insulates the colder inner tube from the ambient temperature. 

[0007] Preferably, a valve is included in the return path to enable the proportion of re- 
circulated air to be varied, in accordance with operational requirements. 

[0008] Preferably, the air tent is also provided with a separate outlet to the 
atmosphere, including a vane type valve to control the exhaust flow, which allows 
independent control of the pressure inside the enclosure. In this way it is possible to maintain 
the pressure within the preset limits even if the enclosure is subject to variable leakage. 

[0009] Preferably, the patient is supported on a mattress system comprising a plurality 
of inflatable compartments, which can also be supplied with cooled air. Preferably, the 
compartments comprise elongate members that extend transversely across the width of the 
mattress, and can be alternately inflated to avoid any particular regions of the patient's body 
from being subjected to high pressure continuously. 

[0010] According to a further feature of the invention, there is provided a patient 
support mattress comprising a plurality of transversely extending inflatable compartments, 
which are so arranged that each compartment can be alternately pressurized, either with 
relatively low pressure cold air, which assists in cooling the patient but provides relatively 
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little support, or with higher pressure air which acts to support the patient, but provides 
relatively less cooling effect. 

[0011] Preferably the mattress is connected into the re-circulating air supply system 
of the cooling enclosure, and may be provided with an additional blower to boost the 
pressure, for its high pressure supply. 

[0012] According to a still further feature of the invention there is provided an air tent 
or enclosure for enclosing a patient in a controlled environment, comprising a plurality of 
panels of flexible material, and having an opening with releasable fastener means to enable a 
patient to be enclosed, at least one panel including an aperture or apertures to allow the 
passage of a duct or pipe to communicate with the interior of the enclosure, the aperture 
comprising a radially collapsible sleeved opening having a split along the side of the sleeve 
which communicates with a further split in the panel for introduction of the conduit, the 
sleeve being flexible and being adapted to be tightened around the conduit. 

[0013] Preferably the outer edge of the sleeve is provided with a ring of hook or loop 
covered attachment material, which is adapted to cooperate with inter-engageable loop or 
hook material on the panel around the base of the sleeve, whereby the sleeve can be secured 
tightly around the conduit after it has been placed in position, by twisting the sleeve around 
the conduit and pressing the ring of material against the co-operating material on the panel. 

[0014] Preferably the outer edge of the sleeve is also reinforced with a "split ring" of 
a resilient material such as aluminum. The split ring maintains the sleeve in a generally 
circular configuration as it is closed around the conduit and maintains the edge of the sleeve 
in continuous contact with the surface of the conduit. 

[0015] The present invention encompasses several different embodiments of air tents. 
Some embodiments have tents that fully enclose the patient. Other embodiments have tents 
that allow the patient's head to protrude from the enclosure. In one embodiment, the air tent 
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is supported by the internal air pressure of the tent. In another embodiment, the tent is 
supported by a framework of tent poles or equivalent structural support members. In yet 
another and currently preferred embodiment, the tent is supported by a framework of 
inflatable, collapsible tubes. In both the rod framework and the inflatable tube framework, 
the framework is preferably bifurcated along a line parallel to the longitudinal axis of the air 
tent, to enable the tent to be split open along the line of bifurcation. The framework is also 
preferably transversely split into two or more sections to enable the tent to flex with the 
articulation of a hospital frame. 

[0016] These and other aspects and features of the present invention will be readily 
apparent to those skilled in the art from the following detailed description taken in 
conjunction with the annexed sheets of drawings, which illustrate the invention. 

Brief Description of the Drawings 

[0017] Figure la is a schematic diagram of a patient cooling system according to the 
invention. 

[0015.1] Figure lb is a partial cross-section view of the coaxial hose set according to 
the invention. 

[0018] Figure 2 is a schematic diagram of a patient support mattress having an air 
flow control system. 

[0019] Figure 3a is a side elevation of one embodiment of a patient enclosure. 

[0020] Figure 3b is a plan view of the patient enclosure of Figure 3a. 

[0021] Figure 3c is an end elevation of the enclosure of Figure 3a. 

[0022] Figure 4a is a side elevation of another embodiment of a patient enclosure. 

[0023] Figure 4b is a plan view of the enclosure of Figure 4a. 

[0024] Figure 4c is an end elevation of the enclosure of Figure 4a. 

[0025] Figure 5a is an enlarged view of the end panel of Figure 4c. 
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[0026] Figure 5b is a plan view of the end panel of Figure 5a. 

[0027] Figure 5c is a detailed view of a cross-section through part of the structure of 
Figure 5a. 

[0028] Figure 6 is a perspective view of one embodiment of a patient enclosure 
support framework of trusses or rods. 

[0029] Figure 7 is a perspective view of one embodiment of a patient enclosure 
support framework of inflatable tubes. 

[0030] Figure 8 is a three-dimensional view of an inflatable connection means for 
removably connecting parts of the framework together. 

[0031] Figure 9 depicts a layout of one embodiment of a tent designed to cover the 
patient enclosure framework of Figure 7. 

[0032] Figure 10 is a perspective view of an embodiment of a patient support 
enclosure mounted on an articulating hospital bed frame. 

[0033] Figure 1 1 is a side view of the patient support enclosure of Figure 10 with one 
side folded down. 

[0034] Figure 12 is a head-end view of the patient support enclosure of Figure 10 
with one side folded down. 

Detailed Description 

[0035] Based on the description and illustrations provided herein, the many benefits 
provided by the invented structure and methods of utilization are apparent. These described 
benefits, as well as those that are inherent to those skilled in the art, fall within the scope of 
the invention of the present patent application as limited only by the claims appended hereto. 

[0036] Referring to the drawings, Figure la illustrates the general layout of a patient 
cooling system in accordance with the invention, comprising an air tent 2 forming an 
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enclosure with a tent inlet duct 4 and a tent outlet duct 6. The air tent 2 is preferably 
constructed from panels of fabric material, as described in more detail below. 

[0037] The air tent 2 is supplied with cool air through an air inlet duct 8, with a 
system intake filter 10, an intake flow sensor 9, and an intake valve 12 comprising a movable 
vane that communicates with a main blower 14. This pressurizes the air, and it then is passed 
through a heat exchanger 16, which comprises the evaporator section of a refrigeration 
circuit. The refrigeration circuit further comprises a compressor 18 and a condenser 24, 
which is provided in a conventional fashion with a condenser fan 22 having a condenser 
intake filter 20, a wick 26 for absorbing condensate drain from the evaporator section, and an 
outlet air filter 28. 

[0038] Having passed through the heat exchanger 16 and thus being cooled, the air 
passes into the enclosure of the air tent 2 via the tent inlet duct 4, circulates past the patient, 
and leaves the enclosure via the tent outlet duct 6. The outlet duct 6 is connected by means of 
a re-circulation filter 30 to a re-circulation flow sensor 32 and a re-circulation valve 34 
comprising a vane that can be moved in order to control the proportion of re-circulated air. 

[0039] The air tent 2 is also provided with a vane type exhaust valve 36 that enables 
the pressure inside the air tent 2 to be independently controlled. In this way, the proportion 
of re-circulated air and the internal temperature of the air tent 2 can be controlled without 
unduly increasing or decreasing the total pressure inside the enclosure. 

[0040] The apparatus also includes a patient-supporting mattress, indicated generally 
at 42 in Figure la, which comprises a plurality of inflatable compartments or cells to which 
air is supplied through an arrangement of servo valves 44 which are connected to the cooling 
circuit by a conduit 46 containing a further blower 48. As illustrated in Figure la and Figure 
lb, the conduit 46 is incorporated in a coaxial hose set, forming a central core thereof, so that 
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the air passing through the conduit 46 is insulated from the ambient temperature by the outer 
coaxial passageways of the hose set that comprise tent inlet duct 4 and tent outlet duct 6. 

[0041] Figure 2 illustrates in more detail how air is supplied to the mattress 42, so that 
alternate cells are pressurized with high and low pressure air in successive cycles. As shown, 
there are two interleaved sets of cells or compartments A and B, both of which are connected 
continuously to a source of cold air at low pressure by means of valves 54 and 56 
respectively. In the general arrangement of Figure la , these will normally be connected via 
line 52 to the tent inlet duct 4 which supplies the air tent 2, and will therefore provide little 
supporting effect for the patient (being at low pressure) but will have fairly substantial 
cooling capacity. 

[0042] The high pressure air supply through conduit 46 driven by the blower 48 (as 
described above with reference to Figure la) is connected to each set of cells A or B, by a 
respective servo valve 44, and these are activated alternately so that during a first cycle, all 
cells A are inflated to a high pressure so as to support the patient while cells B are connected 
to the tent outlet duct 6 for re-circulation. A controlled amount of leakage is of course 
permitted through the fabric of each cell, as indicated by arrow C, since the high pressure air 
cannot escape via the non-return valves 54, 56 (as shown in Figure la and Figure 2). Since 
the high pressure air supply via conduit 46 has been subjected to greater pressurization, it is, 
of course, at a somewhat higher temperature than the low pressure supply, and thus, primarily 
performs a supporting function rather than a cooling function for the patient's body. 

[0043] At the same time, however, the cells B are receiving the supply of colder air 
via line 52 at relatively low pressure, so these cells primarily provide a cooling function 
rather than a supporting function. 

[0044] At the next cycle, the high pressure air supply is shut off from the cells A, by 
operating their respective servo valve 44 and instead, they are connected to the tent outlet 
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duct 6 for re-circulation so that they now act primarily to provide cooling, as passageways for 
the cold air supply via line 52. At the same time, the cells B are connected to the high 
pressure supply, so as to take over the patient supporting function, in the same way, as 
described above for the cells A in the previous cycle. 

[00451 In this way, each region of the patient's body is alternately supported by the 
high pressure, or subjected to cooling, rather than being continuously subjected to high 
pressure. 

[0046] Figures 3a-3d illustrate one embodiment of an air tent 2. As shown, the air 
tent comprises a generally semi-cylindrical fabric structure, having a base portion (not visible 
in the Figure) that is supported on a mattress cover 62 enclosing a mattress structure of the 
kind described above with reference to Figure 2. Although the semi-cylindrical shape is 
beneficial and advantageous, other tent shapes are also suitable and should be understood to 
fall within the scope of the claims, unless otherwise specified. 

[0047] As can be seen from the plan view of Figure 3b, the upper or covering portion 
of the enclosure comprises a pair of elongate flaps 64 whose adjoining edges can be 
connected with a Velcro® type seal (i.e., separable complementary hook and loop fasteners) 
or similar seal 66, each flap being formed with a flexible, transparent inspection panel 68. A 
head end panel 70 (Figure 3c) is formed with an aperture 72 for the neck of the patient, to 
allow the patient's head to protrude from the enclosure, and this aperture 72 is connected to 
the circular edge of the head end panel 70, by means of a slit 74 to facilitate the process of 
positioning the patient's neck. This slit is also provided with a Velcro type or similar seal 66 
along its adjacent edges, for subsequent closure. 

[0048] The air tent 2 is also provided with a series of specially adapted apertures 76, 
for the entry of various conduits and connectors, as will be described in more detail below, 
while the foot end 60 (Figure 3d) is provided with a pair of air input ports 61 for air input 
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ducts, as well as a re-circulation aperture 80 for connection to re-circulation and pressure 
relief valves. 

[0049] Figures 4a, 4b, and 4c illustrate a "full enclosure" version of the air tent 2 of 
Figures 3a, 3b, 3c, and 3d, in which, as depicted in Figures 4a and 4b, the enclosure is longer 
so as to enclose the patient's head. This version includes additional transparent inspection 
panels 68 in the head region to allow the patient external vision. In this case, of course, the 
head end panel 70 does not include a neck aperture. 

[0050] In the embodiments depicted in Figures 3a-3d and 4a-c, the air tent 2 is 
supported by its internal air pressure, which is maintained by air supplied through the tent 
inlet duct 4. In alternative embodiments described further below, poles, rods, beams, 
inflatable air tubes, or equivalent support structures are used to support the air tent 2. 

[0051] Figures 5a and 5b illustrate the arrangement by which pipes and conduits are 
passed through the walls of the air tent 2, with minimum air leakage. Each conduit aperture 
76 is provided with a radially collapsible tubular sleeve 78 made of flexible material such as 
fabric. The tubular sleeve 78 is stitched into the head end panel 70 in the arrangement shown 
in Figure 5a and projects from the wall as shown in Figure 5b. The outer edge of the tubular 
sleeve 78 is reinforced with a split aluminum anchor ring 92 (Figure 5c) having a covering of 
Velcro type material 94 stitched around it. Thus the Velcro-covered ring shown in Figure 5b 
forms a reinforced sleeve rim 82 at the outer end of the tube to maintain the tubular sleeve 78 
in a generally circular configuration as it is closed around the conduit. This reinforced sleeve 
rim 82, as well as the tubular sleeve 78 itself, is formed with corresponding splits 84 which 
enable the tubular sleeve to be closed around a conduit, as explained in more detail below. 

[0052] Continuing in Figure 5a, four Velcro type "loop" pads 86 stitched to the head 
end panel 70 of the air tent 2 surround the tubular sleeve 78. The panel itself includes a slit 
88 that extends from the spilt 84 of the tubular sleeve 78 to the outer edge 90 of the panel. In 
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this way, a pipe or conduit (which may for example already be connected to the patient) can 
be passed into the enclosure, so as to exit through the sleeve 78, without disconnecting either 
end. 

[0053] After the conduit has been properly positioned, the reinforced sleeve rim 82 is 
twisted around and squeezed into engagement with the conduit (not shown in the Figure), and 
pressed against the Velcro type pads 86. The rim 82 is then attached to the pads, locating the 
conduit tightly in position. It will be appreciated that this closure system works equally well 
for a wide range of conduit sizes. In addition, if any particular aperture 76 is not needed, the 
sleeve 78 can be twisted up more tightly to close the aperture completely (as indicated 
schematically in Figures 3a, 3b, 3c, 3d and Figures 4a, 4b, and 4c). 

[0054] It will be appreciated that the slit 88 (shown in Figure 5a) is also provided 
with suitable Velcro type or similar closure means along its adjacent edges, so that the entire 
closure can be made substantially leak proof, thus reducing significantly the overall re- 
circulation losses in the system. 

[0055] As noted above, in some embodiments, the air tent 2 is supported by its 
internal air pressure. In an alternative embodiments, however, the air tent 2 is supported by a 
framework. Figure 6 depicts a triangle-shaped embodiment of a support framework 100 for 
an air tent 2, although it will be understood that frameworks with more spacious dimensions 
may be preferable. The support framework 100 comprises a plurality of poles, rods, braces, 
or equivalent structural support members to raise and maintain the elongate flaps 64 of the 
covering portion of the tent 2 above the patient. More particularly, the framework 100 
comprises several base members 106, link members 132, rafter members 116, ridge members 
118, purlin members 128, and a cross member 102. 

[0056] Preferably, the framework 100 is at least partially, if not entirely, split along 
its longitudinal dimension A-A, and the rafter members 116 connected to the base members 
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106 through pivot joints 124 (or, in the alternative, through separable joints). In this manner, 
one or more of the split portions of the framework 100 may be pivoted away (or, if separable 
joints are used, removed altogether) to provide access to the patient. In yet further 
embodiments, the framework 100 is also split along its transverse dimension into two or more 
sections to facilitate articulation of the air tent 100 on an articulating bed frame. Figure 6 
shows a division in the framework 100 between an upper body section 110, a lower body 
section 120, and a head opening frame section 130. In this manner, the upper body section 
110 and lower body section 120 can be positioned at angles with respect to each other that 
correspond with the articulating sections of an articulating bed frame. 

[0057] Figure 7 depicts another embodiment of a tubular support framework 200 for 
an air tent 2. This tubular support framework 200 comprises a plurality of inflatable tubes to 
support the elongate flaps 64 of the covering portion of the tent 2 above the patient. More 
particularly, the framework 200 comprises several pneumatically connected feeder tubes 206, 
link tubes 232, vertical support tubes 214, rafter tubes 216, ridge tubes 218, purlin tubes 228, 
and a cross tube 202. Preferably, the tubular support framework 200 is provided with a high- 
pressure inflation source. The tubular support framework 200 may be supplied with air by 
connection of the air inlet port 204 with the air supply conduit 46, mediated through an 
independent servo valve or through the bank of servo valves 44 that supply air to the 
individual cells of the patient supporting mattress 42. 

[0058] Preferably, the framework 200 is at least partially, if not entirely, split along 
its longitudinal dimension, between left and right halves 250 and 252, so that one or more of 
the split portions of the framework 200 may be pivoted away to provide access to the patient. 
In yet further embodiments, the framework 200 is also split along its transverse dimension 
into two or more sections to facilitate selective access to the patient and articulation of the air 
tent 200 on an articulating bed frame. In Figure 7, the framework 200 is divided between an 
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upper body section 210, a lower body section 220, and a head opening frame section 230. 
Either half of the upper body section 210 can be pivoted away from the patient to provide 
access to the upper body of the patient. Likewise, either half of the lower body section 220 
can be pivoted away from the patient to provide access to the lower body of the patient. 

[0059] Fig. 8 is a three-dimensional view of an inflatable quick-connect and quick- 
release closure means for releasably connecting parts of the framework 200, such as the ridge 
tubes 218 of the left and right halves of the framework 200, together. An inflatable tube 
connector 240 protrudes out of a ridge tube 218 on the left or right side 250 or 252 of the 
framework 200. The ridge tube 218 on the opposite side of the framework 200 has a hole 
248 for receiving the inflatable tube connector 240. The tube connector 240 comprises a 
stem 244, a protuberance 242, and a pull tab 246 for pulling the connector 240 through hole 
248. When inflated, the protuberance expands so that the diameter of its outer dimension 
exceeds the diameter of the hole 248, thereby resisting disconnection. As shown in Fig. 7, 
several connectors 240 are provided to close the left and right sides 250 and 252 of the 
framework 200. 

[0060] The connector 240 can easily be pulled out of corresponding hole 248 by 
pulling it out. Removal is even easier if the framework (which includes the connectors 
themselves) is first deflated. The stem 244 and protuberance 242 of the connector 240 are 
preferably inflatable, but in alternative embodiments may be filled with foam, cushioning 
material, or other compressible substances. 

[0061] In operation, the air tent 2 is inflated by supplying high-pressure air to the 
tubular support framework 200. To gain access to the patient, it is contemplated that a 
caregiver will operate a user interface (such as a switch or computer input command) to turn 
off the air supply or a valve to deflate the framework 200. Upon deflation, the framework 
200 becomes flexible and can easily be folded into an open position and out of the way. 
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Alternatively, the caregiver may leave the tubular support framework inflated. Because the 
tubes are preferably constructed of flexible fabric or plastic material, they can easily be 
folded down while inflated. 

[0062] Figure 9 depicts a layout of one embodiment of a tent 300 designed to cover 
the patient enclosure framework of Figure 7. Tent 300 comprises a bottom sheet 310, a left 
side 320, a right side 322, a foot drape 325, and a head drape 326. The head drape 310 
provides an opening 328 for a patient's head. The head drape 310 also provides a slit 330 
that facilitates adjustment of the size of the head opening 328 and placement and removal of 
the patient and care lines to the patient. Other slits and flaps (not shown) may also be 
provided in the left side 320, right side 322, and foot drape 324 to facilitate insertion or 
removal of patient care lines, air supply hoses, and the like. 

[0063] Clear plastic translucent windows 334, 336, 338, 340, 342, 346, 348, and 350 
enable caregivers to see the patient and the patient to see his or her caregivers. A plurality of 
tube attachment connectors 332 are provided to attach the tent 300 to the tubular support 
framework 200. Although not shown in Figure 7, tent 300 may be equipped with many of the 
same features shown in connection with Figures 3a-5c, including but not limited to air input 
ports 61, conduit apertures 76, and a recirculation aperture 80. 

[0064] In one embodiment, the tent is also provided with a plurality of Velcro-type 
loop fasteners 354 and Velcro-type hook fasteners 356 to facilitate a better air seal. In an 
alternative embodiment, a sufficient number of quick-release connectors 240 are used and a 
sufficient volume of cool air is pumped into the tent to eliminate the need for Velcro-type 
fasteners. 

[0065] Figures 10 through 12 show an embodiment of a patient cooling enclosure 
comprising the air tent 300 of Figure 9 with the tubular support framework 200 mounted on 
an articulating bed frame 400. Figure 10 shows the air tent 300 in a closed position mounted 
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on a frame in an articulated position. Figures 11 and 12 show the air tent 300 in an open 
position, with the left longitudinal half 250 of the still-inflated framework 200 folded away 
from the patient to provide access to the patient. 

[0066] Although the foregoing specific details describe various embodiments of the 
invention, persons reasonably skilled in the art will recognize that various changes may be 
made in the details of the apparatus of this invention without departing from the spirit and 
scope of the invention as defined in the appended claims. Therefore, it should be understood 
that, unless otherwise specified, this invention is not to be limited to the specific details 
shown and described herein. 
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